gonads of the ne Atlantic black scabbardfish were examined to give an insight into the reproductive biology of this species. it was concluded that black scabbardfish had determinate fecundity because: (i) a distinct hiatus in oocyte size was observed between pre-vitellogenic and vitellogenic oocytes; (ii) vitellogenic oocytes increased in size during the spawning season; (iii) the number of vitellogenic oocytes did not increase during the spawning season; and (iv) the intensity of atresia was low in pre-spawning and spawning ovaries. Fecundity estimates ranged from 73 to 373 oocytes g -1 female. Comparison of developing ovaries from mainland Portugal and Madeira revealed that those from Madeira were more advanced in development, with more cortical alveoli stage oocytes and a higher gonadosomatic index. starting in July, the reproductive development of all females from mainland Portugal was interrupted by a generalised atresia of developing oocytes. Completion of gametogenesis and spawning only occurred for fish from Madeira but some fish from this area also failed to complete oocyte development due to mass follicular atresia of vitellogenic oocytes. the percentage of Madeiran fish that failed to spawn due to follicular atresia ranged from 21.2% in 2006 to 37.4% in 2005.
ductive strategies that fish species follow in order to maximise reproductively active offspring in relation to available energy and parental life expectancy (Pianka, 2000) .
the study of fish reproduction is fundamental for understanding/predicting population dynamics, for improving the management of the assessed stock (using the reproductive information needed for assessment models) and for stock identification studies. Regarding the latter, a multitude of reproductive life-history traits has been used to provide the basis for stock differentiation, including timing, duration and location of spawning (Begg, 1998) ; egg size and fecundity relationships (Marteinsdottir et al., 2000) ; and reproductive potential (trippel, 1999) .
the black scabbardfish (Aphanopus carbo Lowe, 1839) is a widely distributed deep-water species that occurs in the ne Atlantic from iceland to Madeira island (tucker and Palmer, 1949; gordon, 1986; Merrett et al., 1991) . despite the increasing commercial interest in this species, little is known about its life cycle. egg and larval stages of the black scabbardfish are unknown and juvenile fish are seldom caught (swan et al., 2003) . immature individuals predominate to the west of the British isles, while larger but non-reproductive individuals are present off mainland Portugal (Figueiredo et al., 2003) . Ripe individuals are only caught in Madeiran waters during the fourth quarter (Carvalho, 1988) , while spent individuals are caught up until March (Anon., 2000) .
due to the scarcity of knowledge on the reproductive biology of this species, the main objectives of the present work are: i) to study the sexual cycle of both males and females from mainland Portugal and Madeira.
ii) to investigate the fecundity type of the black scabbardfish based on four lines of evidence, suggested by hunter et al. (1992) , greer Walker et al. (1994) and : (1) hiatus between the advanced stock of vitellogenic oocytes and the smaller immature oocytes; (2) mean diameter of the advanced vitellogenic oocytes in the standing stock over the spawning season; (3) number of vitellogenic oocytes in the ovary during the spawning cycle; and (4) level of atresia during spawning.
iii) to estimate total fecundity by weight of female using two methodologies. iv) to investigate why specimens off mainland Portugal do not spawn. v) to examine the possibility of the occurrence of skipped spawning among the individuals from Madeiran waters.
MAteRiAL And Methods in the early 1990s the presence of another species of the genus Aphanopus (A. intermedius) was detected in the southern northeast Atlantic (nakamura and Parin, 1993) and more recently in the Azores (stefanni and knutsen, 2007) and Madeiran waters, but never in mainland waters (sara Reis, pers. comm.) . these two species are morphologically similar, A. intermedius having 102-108 vertebrae and 40-44 dorsal fin spines, compared with 97-100 vertebrae and 38-40 dorsal fin spines in A. carbo (nakamura and Parin, 1993) . to assure that only A. carbo was sampled, an effort was made to determine whether specimens from A. intermedius were present in the samples and every individual morphologically analysed belonged to A. carbo.
samples were collected on a fortnightly basis at Funchal, Madeira (84 samples) and on a monthly basis at sesimbra, mainland Portugal (32 samples) from May 2005 to december 2007 ( Fig. 1 ). over the three years of the project 1479 males and 1732 females were sampled off Madeira, whereas off mainland Portugal 461 males and 488 females were analysed.
For the purpose of the study of the sexual cycle, total length (cm) and total and gutted weights (g) were recorded for each individual. Maturity stages were assigned according to the maturity scale defined by gordo et al. (2000) (table 1) .
For the remaining objectives, only females were considered. the liver and the ovaries were weighed (cg) and the latter were preserved in a 10% buffered formaldehyde solution. slices were taken from the anterior, middle and posterior regions of the ovary, dehydrated with ethanol and embedded in methacrylate. two sections (3-5 mm) were cut from each slice, stained with toluidine blue and digitised using a visual image analysis system (Leica dFC 290). to determine whether the development in the middle region of the ovary was representative of the whole ovary, sections from the three regions were analysed and compared with each other. since no differences in oocyte size frequency distributions between regions were found, the analysis continued only using middle ovary sections.
to investigate the type of fecundity and estimate total fecundity (second and third goals), only prespawning ovaries without post-ovulatory follicles from females caught off Madeira between september and december (the known spawning season, Figueiredo et al., 2003) in 2006 and 2007 were used. the total number obtained per sampling year was 83 and 84, respectively. to investigate the type of fecundity present in the black scabbardfish, the size frequency distribution of oocytes with a visible nucleus was determined in histological sections of prespawning ovaries (without migratory nucleus stage or post-ovulatory follicles), using the image-Pro Plus software. to estimate the changes in size and number of vitellogenic oocytes during the spawning season, pre-spawning and spawning ovaries (without post-ovulatory follicles) were analysed between september and november.
the relative intensity of atresia in yolked oocytes was calculated as the percentage of alpha atresia stage oocytes in the total number of oocytes present in an individual ovary, using the histological sections. in the present work only the alpha atresia stage was counted because the later stages of atresia can be easily confused with other structures such as degenerating post-ovulatory follicles. the prevalence of alpha atresia, defined as the number of female fish with alpha atresia oocytes as a proportion of the population (greer Walker et al., 1994) , was also investigated. total fecundity (the number of yolked oocytes in the ovary-potential fecundity-minus the number of atretic oocytes) was estimated using gravimetric and stereological methods. the gravimetric method is based on the relationship between ovary weight and the oocyte density in the ovary (reviewed in greater detail in hunter et al., 1989 and . histological ovary sections were examined at 40× magnification to select the ovaries to be used in the gravimetric method to ensure that post-ovulatory follicles were not present. in fact, the presence of these follicles indicates that spawning has already begun and the potential fecundity would be underestimated. From each ovary, three subsamples with a weight of approximately 0.04 g were cut and dried (in order to obtain a minimum of 250 oocytes). the oocytes in the subsamples were counted and measured under a stereomicroscope with a grid, a micrometric eyepiece and 50× magnification.
the stereological method uses the examination of digitised images of histological sections. From histological sections it is possible to distinguish the cells and determine the number of cells in different categories, i.e. oocytes that are either pre-vitellogenic, vitellogenic or atretic. We used images from each histological section and oocytes were counted at a known area of the images. only oocytes with a visible nucleus were counted from pre-spawning ovaries, using for this purpose the image-Pro Plus software. to estimate the number of yolked oocytes in the ovary, the stereological method was applied (emerson et al., 1990) .
Analysis of variance-AnovA (α = 0.05)-was applied to compare: (i) the fecundity estimates by gravimetric and stereological methods; (ii) the total fecundity estimated per year; (iii) the number of yolked oocytes estimated by spawning season; and (iv) the relative fecundity per maturity stage per year.
to determine why specimens off mainland Portugal do not spawn (fourth goal), only developing females above the length at first maturity (103 cm, Figueiredo et al., 2003) caught off mainland Portugal and in Madeiran waters were considered for the period from April to november. developing stage is the latest maturity stage reached by the very large majority of mainland specimens (Figueiredo et al., 2003) . the above time period was chosen to guarantee that most females were in the developing, pre-spawning and spawning condition in Madeiran waters. in their ovaries, the nucleated oocytes were measured using the image-Pro Plus software and the mean oocyte diameter was compared between Madeiran and mainland specimens using student's t test. gonadosomatic index (gsi, calculated as the percentage of the ovary weight in relation to the gutted weight), hepatosomatic index (hsi, the percentage of the liver weight in relation to the gutted weight) and Fulton's condition factor k (k=gutted weight/length 3 ) were also estimated for mainland and Madeiran females grouped in 5-cm size classes. these indices were then compared for each size class using single-factor analysis of variance.
to analyse the presence of reproductive versus non-reproductive specimens (skipped spawners) in Madeiran waters (fifth goal), only the period from september to november was considered. Females with no opaque oocytes in their ovaries were considered as non-reproductive or skipped spawners (Rideout et al., 2005) . the frequency of skipped spawning by year was calculated as the number of non-reproductive females divided by the total number of mature females sampled (Rideout et al., 2006) . Fish were grouped into 5-cm size classes in order to compare the frequency of skipped spawning among fish of different size classes. gsi, hsi and k were also estimated for the reproductive and nonreproductive females grouped in 5-cm size classes. these indices were also compared for each size class using single-factor analysis of variance.
ResuLts

Sexual cycle
in females, only the first two maturity stages were observed off mainland Portugal ( Fig. 2a ). during this study, only one stage iii female was sampled, in August 2006. in Madeiran waters, females in all five stages were observed. the distribution of the maturity stages of Madeiran females throughout the year is shown in Figure 3a . immature females were rare in the samples, whereas the developing females were dominant from April to August. the reproduction period lasted from september to december, with pre-spawning and spawning females prevailing. Post-spawning females appeared from december to March. only the first three stages of males were recorded in mainland waters ( Fig. 2b) , whereas all five stages were recorded in Madeiran waters. immature males were rare in Madeiran waters but developing males occurred throughout the year, mainly from March to August (Fig. 3b ). Pre-spawning and spawning individuals were more abundant from July to november, whereas post-spawning males occurred mainly from december to April.
Fecundity oocyte size frequency distribution of pre-spawning ovaries is shown in Figure 4 . the pre-vitellogenic oocytes constituted 62.6% of the total number of the oocytes and ranged in diameter from <0.05 mm to 0.35 mm. vitellogenic oocytes constituted 37.4% of the total number of the oocytes and ranged from 0.60 mm to 1.50 mm. the hiatus between pre-vitellogenic and vitellogenic oocytes was present and evident in all ovaries analysed, indicating that the standing stock of advanced yolked oocytes is well defined throughout the spawning season. the presence of this hiatus corroborates the attribution of determinate fecundity to black scabbardfish. Figure 5 shows the size frequency distribution of the standing stock of advanced vitellogenic oocytes over the spawning season (between september and november) for females in maturity stage iii (prespawning) and iv (spawning). the movement of the size distribution to the right is evident, as a result of the increase in oocyte size as the spawning season progresses. these results are also consistent with determinate fecundity.
the number of standing stock of advanced vitellogenic oocytes over the spawning season was also estimated and no significant differences were found in the potential fecundity estimated for pre-spawning females between september and november (spawning season) (p-value = 0.594). Atresia was present in the two analysed maturity stages but with different levels of incidence ( Fig.  6 ). in 2006, the relative intensity of atresia reached values between 3.13% and 8.00% in pre-spawning ovaries and between 3.85% and 5.00% in spawning ovaries. in 2007 the relative intensity of atresia in pre-spawning ovaries was between 2.22% and 8.33%. For spawning ovaries, only one ovary (4% of total) with atresia was observed.
the prevalence of atresia was also investigated. table 2 shows the results obtained for each sampling year and maturity stage analysed. it ranged from 33.33% in 2006 to 16.67% in 2007. no significant differences were found between the potential fecundity estimate and the total fecundity estimate by year (p-value=0.819 and p-value=0.779 for 2006 and 2007, respectively), which indicates that atresia intensity was low. Figure 7 shows the total fecundity estimated by gravimetric and stereological methods by total length of female. it is evident that, from class [122; 124[ cm, there is a tendency for larger females to show higher mean values of total fecundity, and no apparent trend for smaller length classes. estimates of total fecundity by gravimetric methods tend to be slightly higher than those based on stereological methods. however, no significant differences were obtained between the gravimetric and the stereological methods (p-value = 0.108). Relative fecundity was also estimated as the total number of oocytes by weight of female. Figure  8 shows the range of relative fecundity estimate by sampling year and maturity stage. the lowest value (73 oocytes g -1 ) was recorded in 2006 and the highest (373 oocytes g -1 ) in 2007, both for pre-spawning females (table 3) . spawning females (maturity stage iv) showed slightly higher mean values of relative fecundity than pre-spawning females, but no significant differences were found.
Reproductive status of females from mainland Portugal
developing females occurred mainly in spring in Madeiran waters (Fig. 3a) and all-year round (although in lower percentages during the second semester) in waters of mainland Portugal (Fig. 2a) . to investigate the presence of non-reproductive individuals in mainland waters the ovaries from females captured between April and June were analysed. the comparison of the ovaries from females from the two regions showed a significant difference in the mean oocyte size (p-value <0.001), with Madeiran females showing a higher occurrence of oocytes in the cortical alveoli stage. this difference in the oocyte size was reflected in the gsi, which was significantly (p-value <0.05) higher in individuals from Madeiran waters in all but one of the size classes ( Fig. 9a) . however, significant differences were found in both the hsi and Fulton's condition factor in only one size class (110-115 cm for the hsi), though the hsi was generally higher in Madeiran than in mainland individuals ( Fig. 9b and c) . From July on, the oocytes of all mainland females began to suffer a generalised atresia (Fig. 10) . on the other hand, in Madeiran waters, the reproductive cycle continued and, after the period of yolk accumulation, maturation and ovulation occurred.
Reproductive status of females from Madeira
in Madeiran waters, the pre-spawning stage lasted mainly from July to october and the ripe condition mainly from october to december, although a few individuals could persist in this stage until February (Fig. 3a) . however, not all the individuals sampled during the spawning season had ovaries in stages iii or iv. in fact, during this 3-year period and in some individuals, gametogenesis was halted and all vitellogenic oocytes were reabsorbed via follicular atresia (Fig. 11) . the proportion of non-reproductive fish for the 3-year period was almost 28.0% and varied from 37.4% in 2005 to 21.2% in 2006 (table  4) . these individuals were easily recognised by their gsi, which was significantly (p-value <0.05) lower than that of fish preparing for spawning ( Fig. 12a) . Furthermore, the hsi was also significantly (p-value <0.05) lower in non-reproductive individuals in all but one of the size classes (Fig. 12b) . A comparison of the Fulton's condition factor between reproductive and non-reproductive females showed that, although it was generally smaller in non-reproductive individuals (Fig. 12c ), no significant differences were found in the majority of the size classes. non-spawning individuals were present in all size classes although their proportion was higher among the smaller size classes, 105 to 115 cm (table 4) .
disCussion
Aphanopus carbo can be found in the ne Atlantic from iceland to the south of Madeira island (gordon, 1986; Merrett et al., 1991) . however, mature individuals were only caught in Madeiran waters (Figueiredo et al., 2003) and, more recently, off the Canary islands (Pajuelo et al., 2008) and the northwest coast of Africa (Perera, 2008) . Moreover, only two individuals with ripe gonads were cited by ehrich (1983) in Porcupine Bank and Magnússon and Magnússon (1995) found specimens in spent condition in icelandic waters.
Four main criteria were used to describe the type of fecundity (hunter et al., 1992; greer Walker et al., 1994 and : (a) size frequency distribution; (b) mean diameter of the advanced vitellogenic oocytes; (c) number of vitellogenic oocytes; and (d) atresia.
the presence of a distinct hiatus in the oocyte size frequency distribution between pre-vitellogenic and vitellogenic oocytes is generally associated with determinate fecundity and the absence of such hiatus is usually related to indeterminate fecundity. in the present study, the analysis of oocyte size frequency distribution in ovaries without post-ovulatory follicles showed that there was a clear hiatus between pre-vitellogenic and vitellogenic oocytes. this fact strongly suggests that black scabbardfish has a determinate fecundity strategy. the advanced vitellogenic oocytes increased in size over the spawning season and no significant differences were observed in the number of vitellogenic oocytes in pre-spawning females. these facts also suggest that black scabbardfish has a determinate fecundity, because no new yolked oocytes are recruited to replace those that have been shed during the spawning season. in fishes with indeterminate fecundity, it is expected that the size of the advanced vitellogenic oocytes does not increase (it may remain constant or decrease) over the spawning season due to the recruitment of new oocytes (de novo vitellogenesis) .
Atresia is a potential source of error for fecundity estimates (hunter et al., 1992; Cooper et al., 2005) , although atretic oocytes can be easily identified and estimated with the stereological method. According to hunter et al. (1992) , in fish with determinate fecundity, the intensity of atresia is rarely generalised and if present, it is distributed sparsely over the spawning season. Moreover, low levels of intensity of atresia usually characterise determinate spawners and do not seem to have a greater effect on the potential fecundity (hunter et al., 1992; . however, studying the norwegian spring-spawning herring, a species with determinate fecundity, kurita et al. (2003) found that the level of fecundity reduction was particularly high (56%) in comparison with that of other species. in the present work the prevalence of atresia attained 33% in pre-spawning females, but the intensity of atresia was rather low in both pre-spawning and spawning females. this value of prevalence of atresia is low when compared with those attained for other species with determinate fecundity like the herring (kurita et al., 2003) .
Fecundity estimates will be biased if the sampling is done either too early or too late in the spawning season. if the sampling is done too early, the advanced stock of oocytes may not have matured enough to be completely separate from the smaller immature oocytes, and consequently estimates may be imprecise or biased. if it is done too late, spawning will have begun, the stock of advanced oocytes (518) will have been reduced, and the potential fecundity will be underestimated (hunter et al., 1989) . in this study, this sampling problem did not occur because we always confirmed the presence of post-ovulatory follicles and excluded from the fecundity estimates the ovaries in which such follicles were present. in the present study, no significant differences were found between fecundity estimates by gravimetric and stereological methods. however, the stereological method seemed to be better for fecundity estimates than the gravimetric method, due to: (a) the ability to distinguish vitellogenic oocytes from non-vitellogenic oocytes at an early stage of ovary development (impossible with the gravimetric method); (b) the fact that the atretic oocytes can be counted and subtracted from potential fecundity estimates; and (c) the fact that post-ovulatory follicles can be identified and quantified (emerson et al., 1990) . the need to prepare histological sections may seem to be a disadvantage of the stereological method, but histological sections are always necessary to determine the extent of atresia and the presence of post-ovulatory follicles.
Fecundity estimates are essential to calculate spawning stock biomass (gordo et al., 2008) . in this context, it is important to have an estimate of the annual realised fecundity, i.e. the number of ovulated oocytes spawned in a year by each female. in species with determinate fecundity, this estimate corresponds to the number of vitellogenic oocytes minus the number of oocytes reabsorbed because of atresia. the black scabbardfish shows a relative fecundity ranging from 73 to 373 oocytes g -1 female. Based on the findings following the application of the four main criteria mentioned above, it is most likely a determinate spawner.
Regarding the presence of non-reproductive individuals, it is usually assumed that iteroparous teleost fishes spawn annually when they reach sexual maturity but the occurrence of skipped spawning is being more frequently reported for several fish species (e.g. Walsh and Bowering, 1981; Burton, 1991; Ramsay and Witthames, 1996; Burton et al., 1997) . in fact, as Rideout et al. (2005) point out, the scarcity of reports of non-annual spawning does not necessarily reflect the rarity of this condition but rather may be a consequence of the difficulty in identifying post-mature non-reproductive individuals.
According to Rideout et al. (2005) , the omission of spawning can be identified by the external appearance of the gonads, the size of the gonads relative to the rest of the body, and the histological appearance of the gonads. these authors report that the gsi and the minimum size at first maturity can be a quick means of identifying a spawning omission: all fish larger than that minimum size and having a gsi below a certain value can be considered to be nonreproductive. A low gsi does not, however, always imply immaturity (since it can also apply to partially spent or spent fish) and, in fact, gsi fluctuates in somewhat different ways in different species, according to the type/mode of spawning (kainge et al., 2007) . however, among the three methods that can be used to test spawning omission, the histological examination of ovaries is the most accurate means of identifying non-reproductive individuals.
in the present work we used both the gsi and histology to investigate why the individuals caught off mainland Portugal do not spawn and the presence of non-reproductive individuals in Madeiran waters. there is emerging evidence that there is a critical window during early vitellogenesis which is highly influential for the decision to spawn or not to spawn (skjaeraasen et al., 2007) . in the black scabbardfish the developing stage (characterised by the appearance of cortical alveoli) seems to be that critical window since significant differences occurred in the gsi between the individuals from Madeira and the mainland in that stage. however, these differences could not be seen in either the hsi or Fulton's condition factor. it appears that, in that stage, the stored energy does not differ greatly between future non-reproductive and reproductive individuals or that the stored energy has not yet been utilised for reproductive purposes. therefore, the absence of reproductive specimens in mainland Portugal may be due to: (i) the cessation of gametogenesis with the reabsorption of all vitellogenic oocytes via follicular atresia, which may be related to a continuous poor nutritional condition or a different diet; or (ii) a migration of individuals in better condition to other areas to spawn. Regarding the first possibility, data from Atlantic cod showed that high levels of non-reproductive individuals might be related to low abundance of their main prey-juvenile redfish in the case of the Flemish Cap cod (Walsh et al., 1986) and capelin in the case of the Barents sea cod (kjesbu et al., 1998) . unfortunately, the information available for the diet of black scabbardfish is limited (Mauchline and gordon, 1984) since the percentage of empty stomachs can be as high as 93% (Freitas, 1998) .
Concerning the second possibility, new spawning areas have been found very recently in the Canary islands (Pajuelo et al., 2008) and near the northwest coast of Africa (Perera, 2008) in addition to Madeiran waters, the previously known spawning area of black scabbardfish (Figueiredo et al., 2003) . therefore, it is possible that a spawning migration of the individuals with better condition may occur to one of these known areas in the southern northeast Atlantic. the fish in poorer condition would remain off mainland Portugal and might interrupt reproductive development in successive years and thus increase in length but never have spawned (i.e. they are still technically immature). Pawson et al. (2000) reported that full maturity and spawning in female sea bass may not occur until they grow to a length greater than 42 cm and remain in water above 10ºC during the main period of gonad development, and these conditions may be achieved through migrations between relatively warm waters. Furthermore, fish that do not meet these conditions maintain their virgin state, entering the largest oocyte cohort in atresia.
the presence of non-reproductive individuals in Madeiran waters may indicate the occurrence of skipped spawning. this hypothesis can only be confirmed by the existence of old PoFs in the ovaries of non-reproductive females (confirming that these fish had already spawned in the past). on the other hand, the absence of PoFs in our samples could be due to a quicker reabsorption of the follicles at higher and more stable water temperature, which can reach 11ºC, when compared with species living in colder waters, which maintain the PoFs for several months (e.g. Atlantic cod as reported by saborido-Rey and Junquera (1998) and Rideout et al. (2000) ).
it is known that non-reproductive individuals tend to be in poorer condition and have a lower hepatosomatic index than fish that are successfully ripening (Burton and idler, 1984; Rideout et al., 2000) . it is possible that the liver of the black scabbardfish plays a very important role in the success of maturation based on the difference found in the hsi between non-reproductive and ripening individuals. the liver could be the primary source of energy, with muscle being the secondary source. this could explain the absence of differences in the condition factor found at the beginning of the spawning season between non-reproductive and ripening individuals. however, according to Jørgensen et al. (2006) , poor individual condition at the beginning of a spawning season can be either a cause or an effect of skipped spawning and if spawning is skipped then the best option should be to give priority to somatic growth, keeping energy reserves at a moderate level and resulting in a low condition factor. this poor condition would then be an effect of skipped spawning and thus hard to separate from poor condition stemming from low food availability, which could lead to skipped spawning. skipped spawning may be related to fish size, since the highest percentage of non-reproductive individuals was observed in the smallest length classes. the same observation was made by Jørgensen et al. (2006) in the cod and engelhard and heino (2005) in the Atlantic herring. the former reported that smaller cod needed full energy stores to spawn, whereas larger cod also spawned when less energy was stored. the latter also noticed this behaviour in second-time spawners that frequently skipped spawning. Rideout and Rose (2006) also reported the greatest proportion of non-reproductive fish in the smallest size class of potential spawners in Atlantic cod. this situation may be related to the individual's growth trajectory (Jørgensen et al., 2006) : first, only somatic growth takes place up to the age at sexual maturation; second, growth is balanced with reproduction for several years following maturation (growth taking precedence when spawning is skipped more frequently); and third, after that, reproduction receives the full allocation of energy and the frequency of skipped spawning stabilises. in the case of skipped spawning and in a fish that has already achieved sexual maturity, the probability of spawning in the upcoming season is less dependent on size and more dependent on the amount of energy stored in the liver and available to be allocated to gonad and gamete development (Rideout et al., 2006) . in black scabbardfish, the percentage of nonreproductive females varied between 21.23% and 37.40% which means that, in the future and in terms of upcoming management, it will be very important to analyse the extent of skipped spawning in order to prevent an overestimate of the population's reproductive potential that could lead to erroneous assessment estimates with severe consequences for management options. pelago and to dr John gordon for revising the english. the manuscript was greatly improved by the comments of three anonymous referees. this study was partially supported by Fundação para a Ciência e tecnologia (project PoCti/Cvt/46851/2002).
